Seven new minor triterpene glycosides, cucumariosides A 1 (1), A 3 (2), A 4 (3), A 5 (4), A 6 (5), A 12 (6) and A 15 (7) have been isolated from the Far Eastern sea cucumber Eupentacta fraudatrix. Structures of the glycosides were elucidated by 2D NMR spectroscopy and MS. Glycosides 1-7 belong to the group of cucumariosides A, having linear tetrasaccharide carbohydrate moieties without any sulfate group and possessing 3-O-methyl-D-xylose as a terminal monosaccharide unit. The latter peculiarity is rare in sea cucumber glycosides, but typical for the glycosides from E. fraudatrix. Glycosides 1-7 differ from each other by side chain structures in the aglycone moieties; three of them have unique structural features. The first is the presence of a 25-butoxy-group in the side chain of cucumarioside A 3 (2), the second is a 23E,25-diene system in cucumarioside A 6 (5) and the third is a 25-keto-27-nor-holostane aglycone in cucumarioside A 12 (6); these were never previously found in sea cucumber glycosides. Cytotoxic activity of glycosides 1-7 against mouse spleen lymphocytes and the cells of the ascite form of mouse Ehrlich carcinoma, along with hemolytic activity against mouse erythrocytes and antifungal activity were studied. Glycosides 1 and 5 were the most active in all the tests.
The Far Eastern sea cucumber Eupentacta fraudatrix (Sclerodactylidae, Dendrochirotida) is an inhabitant of shallow waters of the south part of the Sea of Japan. This animal is characterized by the high content of triterpene glycosides with potent cytotoxicity. The glycosides of E. fraudatrix are very diverse which cause difficulties with the isolation of individual substances. So, despite long-term efforts to investigate all glycoside constituents from this sea cucumber, its chemical potential remains only partially studied. Lately, application of modern spectral methods and chromatographic procedures allowed us to carry out more detailed studies of this unique animal and discover new interesting structural variants of its glycosides.
In a continuation of our studies on triterpene glycosides from the sea cucumber Eupentacta fraudatrix (Djakonov et Baranova) (= Cucumaria fraudatrix Djakonov et Baranova = Cucumaria obunca Lampert) (Family Sclerodactilidae, Order Dendrochirotida) [1, 2] , we describe herein the structural elucidation of triterpene nonsulfated tetraosides glycosides cucumariosides A 1 (1), A 3 (2), A 4 (3), A 5 (4), A 6 (5), A 12 (6) and A 15 (7) .
The concentrated ethanolic extract was sequentially submitted to column chromatography on Polychrom-1 (powdered Teflon) for desalting and elimination of polar impurities and on Si gel using CHCl 3 /EtOH/H 2 O (100:75:10) as mobile phase to yield a number of glycosidic subfractions, each of which contained a series of glycosides with one type of carbohydrate chain.
One of them contained cucumariosides belonging to group A and were characterized by a linear tetrasaccharide nonsulfated sugar chain having 3-O-methyl-D-xylose as a terminal monosaccharide unit. Further separation of this subfraction (450 mg) by HPLC using (5) ; MeOH/H 2 O/CHCl 3 (56:41:3 followed by 60:39:1) gave 2 mg of cucumarioside A 12 (6) and MeOH/H 2 O (87:13) gave 2.5 mg of cucumarioside A 15 (7) , respectively. The structures of the glycosides were elucidated by extensive analysis of the 1 H, 13 C and DEPT NMR spectra and 2D NMR ( 1 H 1 H COSY, 1D TOCSY, HMBC, HSQC, NOESY); Table 1 : 13 C and 1 H NMR chemical shifts and HMBC and NOESY correlations of the carbohydrate moieties of cucumariosides A 3 (2) , A 4 (3), A 6 (5), A 12 (6) and A 15 (7) . a Recorded at 176.04 MHz in C 5 D 5 Confirmation was by HR ESI mass spectrometry. The 13 C NMR spectra of the carbohydrate part of 1-7 were coincident to each other and to those of desulfated derivatives of cucumariosides G 1 -G 4 obtained earlier from the corresponding cucumariosides of group G from E. fraudatrix [3] [4] [5] [6] .
This carbohydrate chain contains D-xylose as the first sugar unit, Dquinovose as the second , D-glucose as the third, and 3-O-methyl-Dxylose as the terminal sugar unit. Cucumariosides A 1 (1) and A 5 (4) have been identified by comparison of their 13 C NMR spectra with known desulfated derivatives obtained from cucumariosides G 1 and G 3 , respectively [3, 5] . Hence, cucumarioside
,24triene. These known substances were isolated as natural products for the first time.
The presence of four characteristic doublets at δ 4.83-5.22 ppm (J = 7.4-7.9 Hz) in the 1 H NMR spectra of the carbohydrate part of 2, 3, and 5-7, correlated by HSQC spectra with the corresponding signals of anomeric carbons at δ 104.9-106.0 in the 13 C NMR spectra, were indicative of a tetrasaccharide chain and the -configuration of the glycosidic bonds. The signal of C-4 of the first xylose unit in the 13 C NMR spectra was upfield shifted by 5 ppm (to δ 70.6) and the signals for C-3 and C-5 were downfield shifted by 2.4 (to δ 78.1) and 2.6 ppm (to δ 66.6), respectively, when compared with the corresponding signals in the 13 C NMR spectra of cucumariosides of group H [1, 2] , indicating the absence of a sulfate group at C-4 in the first xylose residue.
The positions of the interglycosidic linkages were established by analysis of NOESY and HMBC spectra ( Table 1) . The cross-peaks between H-1 of the first monosaccharide residue (xylose) and H-3 (C-3) of the aglycone, H-1 of the second monosaccharide residue (quinovose) and H-2 (C-2) of the first monosaccahride residue The D-configurations of all the sugars were suggested by analogy with those of cucumarioside G 1 isolated from the same sea cucumber [3] . Hence, the structure of the carbohydrate chains correspond to the formulae 1-7 ( Figure 1 ).
The aglycone moiety of cucumarioside A 3 (2) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, DEPT, 1 H-1 H COSY, HMBC, HSQC, NOESY) ( Table 2 ) to be very similar to that of cucumarioside H 4 from Eupentacta fraudatrix [2] , and distinguished by the side chain signals, where the signals of a butoxy group were observed instead of those of an ethoxy group, attached to C-25 in cucumarioside Natural Product Communications Vol. 7 (4) 2012 521 The NMR spectra of cucumarioside A 3 (2) showed the presence of a butoxy group attached to C-25 [from the signals of C-25 at δ 74. The structure of the aglycone moiety of cucumarioside A 4 (3) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, NOESY) ( Table 3 ) to be identical to that of cucumarioside H 4 [2] . Indeed, the signals at δ 179. 
Glc -Qui] -, and 555 [M -H -MeXyl -Glc -Qui-Xyl] -. All these data indicated that cucumarioside A 4 (3) is 3-O-{3-O-methyl--Dxylopyranosyl-(13)--D-glucopyranosyl-(14)--D-quinovopyranosyl-(12)--D-xylopyranosyl}-16-acetoxy-25-ethoxyholosta-7,23-diene
The aglycone moiety of cucumarioside A 6 (5) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H 1 H COSY, 1D TOCSY, HMBC, HSQC, NOESY) ( Table 4) Extensive analysis of the 2 D-NMR spectrum of the aglycone moiety of cucumarioside A 12 (6) showed the presence of a holostane nucleus identical to that of 15, but the signals of the side chain differed from any known sea cucumber glycoside (Table 5) All these data indicated that cucumarioside A 12 
The aglycone moiety of cucumarioside A 15 (7) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, NOESY) ( Table 6 ) to be identical to that of cucumarioside H 7 [1] , containing the 18(20)-lactone ring [from the signals at δ 179.3 (C-18) and 84.9 (C-20) in 13 C NMR spectrum], a 7(8)-double bond [from the signals at δ 120.2 (C-7) and δ 145.5 (C-8), along with the signal at δ 5.69 (H-7) in the 13 C and 1 H NMR spectra, respectively], and a 16-O-Ac group [from the signal at δ 74.8 (C-16) and a broad quartet at δ 5.97 (H-16), along with the signals of a quaternary carbon at δ 169.5 (OAc) and a methyl group at δ 21.1 and δ 2.04 in the 13 C and 1 H NMR spectra, respectively] in a polycyclic nucleus, as well as a saturated side chain [from the signals of C-22 at δ 39.0, C-23 at δ 22.7, C-24 at δ 39.5, C-25 at δ 28.0 and two methyl groups at δ 22.2 (C-26) and δ 22.6 (C-27) in the 13 C NMR spectrum; all the signals were correlated with signals of the corresponding protons in the HSQC spectrum]. The structure of the side chain was also corroborated by 1 H-1 H COSY and HMBC correlations. Therefore, the aglycone of cucumarioside A 15 (7) is 16-acetoxyholosta-7-ene-3-ol, which is widely distributed in glycosides of sea cucumbers belonging to the order Dendrohirotida [7] .
The HRESIMS (positive ion mode) of cucumarioside A 15 (7) Agl -Xyl] + , and 331 [M + Na -Agl -X yl -Qui] + . All these data indicated that cucumarioside A 15 (7) 
Thus, we elucidated structures of seven new minor triterpene nonsulfated tetraosides from E. fraudatrix. The carbohydrate chain common to all the glycosides is new, but derivatives with such a chain were obtained at desu lfation of some earlier kno wn glycosides. Two of these substances, cucumariosides A 1 (1) and A 5 (4) are ident ical to s uch desulfated derivatives, but, for the fir st time, they were isolated as natural products. This fact may give evidence that sulfation of the triterpene glycosides may be a final stage in the process of their biosynthesis. Another two cucumariosides, A 4 (3) and A 15 (7) are new combinations of known aglycones and a new carbohydrate chain. Finally , three of the glycosides, cucumariosides A 3 (2), A 6 (5) and A 12 (6) have both new aglycones and a new carb ohydrate chain. It is most probable that glycosides 2 and 3 having a butoxy and ethoxy groups at C -25 are artificial products formed during the pro cess of gly coside isolation with the use of EtOH for extraction and BuOH as a foam quencher during extract evaporation. Until now, sea cucumber glycosides having only two different types of diene-system in the side chain of th eir aglycones were known. Sub stances having the 22E,24-diene system were isolated from E. fraudatrix [1] and E. pseudoquinquesemita [8] . Glycosides with the 22Z,24-diene system were found in E. fraudatrix [1, 5, 10] and Mensamaria intercedens [9] . Therefore, cucumarioside A 6 (5) with a 23 E,25-diene system contains a new ty pe of diene system never b efore found in sea cucumber glycosides.
Cucumarioside A 12 (6) is the first represen tative of a 27-norholostane glycoside in sea cucumbers. Findings of natural 27-n orderivatives are very rare, and onl y a few related substances have been discovered among natural products from the animal kingdom. 27-Nor-5-cholestane-3,7,12,24S,25-pentaol was isolated as a major steroid constituent from the urine and feces of patients with liver diseases [11] . The 27-Nor-cholestane side chain was found in a minor sterol from the sponge Axinella cannabina [12] , as well as in some polar 27-nor-steroids from starfish Archaster typicus [13, 14] .
The antifungal activity of cucumariosides 1-7 against five species of fungi is presented in Table 7 . The cytotoxic activities against mouse spleen ly mphocytes and the ascite form of mouse Ehrlich carcinoma cells, as well as the hem olytic activity against mouse erythrocytes are given in Table 8 .
None of th e glycosides studied inhibited the growth of Candida albicans and the so ya phytopathogens Septoria glycines and Cercospora sojina. All the glycosides demonstrated moderate antifungal activity against Aspergillus niger, while gly cosides 1, 5 and 7 were also active against Fusarium oxysporum. The activities were dose-dependent. All the glycosides 17 inhibited the growth The glycosides demonstrating the most significant activities against fungi {cucumariosides A 1 (1), A 6 (5) and A 15 (7) } showed stronger hemolytic actions, which are caused by the similar sterol-dependent mechanisms of their membranolytic action. The same correlation is known in relation to cytotoxic activities of sea cucumber triterp ene glycosides against different cell lines, and their hemolytic activities against mouse er ythrocytes is d ependent on th e structures of the glycosides [7, 15] . However, there are some exceptions. Cucumarioside A 12 (6) , with an unprecedented 27-nor-25-ketofragment in th e aglycone, which dem onstrated low antifung al, hemolytic and cytotoxic activities against cells of the ascite form of Ehrlich carcinoma, showed a significant cytotoxic effect against mouse spleen lymphocytes.
In contrast, cucumarioside A 4 (3) revealed a slight antifungal effect against A. niger, and no effect against F. oxysporum, but showed high hemolytic and c ytotoxic activities. Such differ ences in activities in different tests may be explained by peculiarities of the chemical composition and structure of different types of cellular membranes.
It also in teresting to note that cucumarioside A 3 (2) with a 25butoxy group in the aglycone side chain, and cucumarioside A 4 (3), with a 25-ethoxy group, although having similar low antifungal activities against Aspergilus niger, are very different in their hemolytic and cytotoxic activities against lymphocytes and Ehrlich carcinoma cells. Glycoside 3, having a 25-etho xy group, is hig hly active in the above tests, but glycoside 2, having a 25-butoxy group, is not active. 13 C) in C 5 D 5 N at 35 o C with TMS as an internal reference ( = 0). The ESI MS (negative and p ositive ion m ode) were record ed using an Agil ent 6510 Q-TOF apparatus; sample concentration 0.01 mg/mL. HPL C was performed using an Agilent 1100 chromatograph equipped with a differential refractometer on Discovery C-18 (10  250 mm, 5 m) and Discovery C-18 (4.6  250 mm, 5 m) columns. 
Extraction and isolation:
The sea cucumbers were m inced and extracted twice with refluxing 70% EtOH. The dry weight of the residue was about 650 g. The combined extracts were concentr ated to dryness in vacuo, dissolved in H 2 O, and chromatographed o n a Polychrom-1 column (powdered Teflon , Biolar, Latvia) , eluting first inorganic salts and pol ar impurities with H 2 O and then t he glycosides with 60% acetone to give 15 g of crude gl ycoside fraction. The crude gly coside fraction was subjected to Si g el column chromatography, eluting with CHCl 3 /EtOH/H 2 O (100:75:10) to g ive 450 mg of gly coside subfraction A. This was subsequently separated by HPLC on a Discovery C-18 column (10  250 mm) with MeOH/H 2 O (83:17) as mobile phase to give 60 mg of cucumarioside A 1 (1), 3.5 mg of cucumarioside A 3 (2) , and a number of minor subfractions (total weight 134 mg). The last were rechromatographed on a Discover y C 18 column (4.6  250 mm) with the following solvent systems as m obile phase specific for each subfraction: MeOH/H 2 O (75:25) gave 7 mg of cucumarioside A 4 (3); MeOH/H 2 O/CHCl 3 (85:13:2) gave 11 mg of cucumarioside A 5 (4); MeOH/H 2 O (79:21) gave 6.7 mg of cucumarioside A 6 (5); MeOH/H 2 O/CHCl 3 (56:41:3 followed b y 60/39/1) gave 2 mg of cucumarioside A 12 (6) , and MeOH/H 2 O (87:13) gave 2.5 mg of cucumarioside A 15 (7) . 
Determination of antifungal activity against Candida albicans, Aspergillus niger, Fusarium oxysporum, Septoria glycines, Cercosporia sojina:
Saburo (pH 6.0) cu lture medium was used for cultivation of t he microorganisms: glucose (3 %), peptone (1%), agar (1.7%), distilled water. The medium was autoclaved, cooled to 42C and 25 mL dispensed to each sterile Petri dish (90 mm). The suspensions of microorganisms (V = 200 L) were delivered to the agar medium by pallet and chafed dry. One hundred L of the water solution of the tested gly cosides (20 g/mL and 200 g/mL) were deposited into the lunules ( 10 mm) in jelly medium. The microorganisms were incubated for 24 h at 28 C; the exper iment was repeated in triplicate. The antifungal activity was measured as breadth of inh ibition zone, calculated in m m from the edge of t he lunule.
